In this paper, we present insights into the transport properties and the geometrical structure of resonant tunneling devices that can be obtained by the study of their noise properties. We stress the importance of including noise behavior among the objectives of device simulations. The reason is twofold: on one hand, as the number of carriers involved in device operation decreases, fluctuations become more relevant; on the other hand, in devices whose functionality is based on quantum effects, noise properties strongly depend on the details of device geometry.
INTRODUCTION
In recent years, noise characterization has emerged as a powerful tool for obtaining information about the structure and the transport properties of nanoscale devices complementary to those given by the DC characteristics and the small signal AC response. In fact, since the number of charge carriers involved in device operation is decreased with respect to semiclassical devices, it is apparent that fluctuations, and in particular those due to the granularity of charge (the so-called "shot noise"), acquire an increasing importance. Furthermore, noise in such structures exhibits a behavior which is strongly dependent upon the details of device geometry.
Therefore, it is important to extend the domain of device simulations to noise properties. Here, we focus on resonant tunneling structures, for which a greater number of experimental data is available.
Since the pioneering work of Lesovik [1] and the first experimental results of Li and coworkers [2] , many theoretical studies [3] [4] [5] [6] and experimental results [5, 7, 8] The typical resonant current peaks in the I-V curve are due to the shape of the density of longitudinal states in fw, which is strongly affected by confinement: for the material parameters considered here, it has a single narrow peak in correspondence of the allowed longitudinal energy level of fw; the rate of inelastic scattering processes affects the width of such peak and in our model this effect is taken into account through a phenomenological parameter, the mean free path l, which plays the role of a relaxation length for phase and energy. The density of states in the well is calculated using a compact formula derived in Ref. [11] .
A state in f(s l,r, w) is characterized by its longitudinal energy E, its transverse wave vector k r and its spin a. Tunneling is treated as a transition between levels in different regions [10] in which E, k r and r are conserved.
Following Davies et (1) Ref. [6] ; it suffices here to say that .no additional hypothesis is required to arrive at (6) .
An important parameter is the noise suppression factor 7, also called "Fano factor", i.e., the ratio between S (w) and the "full shot" noise value Sfun=2q(i}. From (1), (4), (5) and (6) , it is apparent that it can reach a minimum of / 0.5 if 7"1=7"2, (g2)<< (r2)and (rl)<< (gl).
RESULTS
We consider a device with the following layer structure" a Si-doped (Nd [8] .
In Figure 2 the experimental forward I-V characteristic at 77 K is compared with the simulation result. The mean free path is chosen as a fitting parameter, and is equal to 15 nm. We have found that the so called "peak to valley ratio", i.e., the ratio between the peak current and the valley current, is almost linearly dependent on the mean free path, while the other parameters are practically independent. For the structure being investigated, a mean free path close to 15 nm seems to be the best fit at all considered temperatures (since the mean free path accounts for all randomizing effects, it seems that some temperature independent cause, e.g., interface roughness, is predominant); therefore, the decrease of the peak to valley ratio with increasing temperature seems to be due only to the Fermi distribution spreading.
The noise current power spectral density S as a function of current is plotted in Figure 3 for three different temperatures, and for very low bias. As expected, at equilibrium S tends to the thermal noise value S 4GkBT, while, as the bias is increased, it approaches the 2q(i) curve. This is an important check for the validity of our noise model.
In Figure 4 , the noise suppression factor 3 are considered and the current at the resonant peak is taken as unity.
can be seen, 3 ' increases with increasing temperature. This behavior is described in [6] . For the same structure, in Figure 5 , 3 [8] , while, for the former, measurements are in progress.
The enhanced shot noise in the NDR region depends on the fact that the characteristic time Tgl is negative, i.e., the transition rate gl increase with increasing N. The reason is that the peak in the density of states is below the conduction band bottom of the cathode: when an electron enters the well, the conduction band bottom of the well is raised, and more states are available for tunneling from the left electrode, so that electron crossings through the whole structure are positively correlated. 4 [6, 9, 11] . Further developments will include a more refined model to predict experimental data with better accuracy; in particular, greater attention will be devoted to the connection between regions in which transport can be described as semiclassical and regions in which the quantum nature of transport must be taken into full account.
